Abstract
Introduction

1
A number of chemicals exist in the environment that affect the endocrine system and produce an 2 adverse effect on aquatic life, animals and potentially humans (Fry, 1995; Sumpter, 1995) . There is 3 increasing evidence that these compounds can alter endocrine functions and may disrupt growth, 4 development, and reproduction by interfering with the production of the endocrine system. 5 Accordingly, because of the role of estrogenic chemicals, often referred to as environmental 6 estrogens, in contributing to the development of hormone-dependent cancers, disorders of the 7 reproductive tract, and other effects (Folmar et al., 1996; Toppari et al., 1996) , they are classified as 8 "endocrine disrupting chemicals" (EDCs). EDCs have generated a vast amount of attention among 9 the scientific, research and regulatory communities worldwide (Birkett and Lester, 2003) . 10 Among prominent EDCs of interest currently, this study has considered two synthetic endocrine 11 disrupting chemicals, bisphenol A (BPA) and 17α-ethynylestradiol (EE2), and three natural EDCs, 12 estrone (E1), 17β-estradiol (E2), and estriol (E3), which have been chosen for their environmental 13 significance.
BPA, also known as 2,2-bis-(4-hydroxy-phenyl) propane or generally at much lower levels (Snyder et al., 1999) . The synthetic estrogen EE2 1 (17α-ethynyl-1,3,5(10)-estratriene-3,17β-diol) is not only a key ingredient in oral contraceptives 2 used by western women since the 1960s, but is also a hormonal agent used in the stockbreeding ) in 24 h to 48 h, and the concentration of 10 the remaining EE2 did not decrease further. Thus, these chemicals, which are described in Table 1,   11 were chosen for our study because of their environmental importance and because they have a 12 common phenolic moiety.
13
[ Table 1 ] 14 In view of their presence in conventionally treated effluents, and the need to mitigate their 15 discharge into natural water bodies, the comparative performance of additional, alternative 16 treatment technologies is of considerable interest to water utilities and regulatory authorities at the 
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15
Liquid chromatography together with electrospray-ionization mass spectrometry (LC-ESI-MS), 16 Finnigan ThermoQuest LCQ Duo, was used to detect the intermediate products of BPA degradation.
17
In this study, the mass spectrometer was operated in the m/z 100-300 range for LC/MS-MS. The 18 eluent was delivered at 0.7 ml min -1 by a gradient system from HPLC and partitioned by a pinnacle 19 II C18 column. The elution was carried out with a gradient flow as described in conditions. For the pH conditions used in this study the ferrate is assumed to be in either the Table 1 .
Degradation of EDCs
Results and Discussion
10
The oxidation reactions are summarized as follows:
The overall rate of EDC compound degradation is assumed to be the sum of these two rates and can 14 be expressed by Eq. (3).
The corresponding rates of oxidant ( 
In the case of the ferrate reduction, the overall rate of ferrate(VI) reduction can be assumed to be the 21 sum of the two rates, plus the thermodynamic decomposition of ferrate in water; this can be 22 expressed by Eq. (6).
where k d is the decomposition constant of ferrate(VI) in the solution. ferrate at pH 8.5 to 9.5 is very slow (< 5% after 20 min at room temperature). Therefore, in this pH 4 range the overall rate expression can be simplified as:
According to the equilibrium of the two ferrate species at different pH, the concentrations of
HFeO and
FeO should have a specific ratio at a given pH, as shown below:
Moreover, the relationship between the concentrations of undissociated and dissociated EDCs and 12 pH can be described by the following expressions:
Therefore, Eqs. (3) and (7) can be expressed by Eqs. (12) and (13). The rate constants, 1 k ,
k , 21 k , and Moreover, the rate constants shown in Table 4 indicate that the oxidizing power of mono-protonated 20 ferrate,
HFeO , is greater than non-protonated ferrate,
FeO , for all of the EDCs, and that the 21 dissociated (ionized) EDCs are more reactive, particularly with mono-protonated ferrate (by 2 FeO is the main form of Fe(VI) at pH > 8, the rate constants for FeO and dissociated forms of EDCs need to be 13 considered in the model calculations. In order to compare the rate constants of Fe(VI) and phenolic 14 EDCs, this paper has considered only two species of BPA and found similar rate constants between 15 Fe(VI) and phenolic EDCs. In the negative ion mode, the product ion spectra revealed the main fragments (m/z) and Table 7 HFeO , than for non-protonated 16 ferrate,
FeO . Among the five EDCs, the ferrate oxidation of the four steroid estrogens was greater 17 (higher reaction rates) than that of BPA.
18
The reaction of BPA with ferrate was studied in detail in order to identify the formation of Overall, given that the molar ratio of ferrate to EDCs in practice would be several orders of 4 magnitude, it is concluded that ferrate oxidation could be an effective treatment method for the 5 purification of waters containing these particular EDCs. Fry, D.M., 1995. Reproductive effects in birds exposed to pesticides and industrial chemicals. Toppari, J., Larsen, J.C., Christiansen, P., Giwercman, A., Grandjean, P., Guillette, L.J., Jegou, B., 
11
The Pharmalcological Bases of Therapeutic, Macmilan, Indianapolis, In, 1411. 
